INTRODUCTION
The diabetogenic impact of obesity on type 2 diabetes mellitus (DM2) has not been fully elucidated so far. Still, as obesity results from an imbalance between food intake and energy expenditure, which leads to an excessive accumulation of adipose tissue, a number of research studies on obesity have aimed at understanding the exact molecular mechanisms that lead to the development of "diabesity"
With the increasing importance of early type 2 diabetes (DM2) and obesity detection, it is useful to reevaluate leptin role in these conditions. Our study aimed at investigating circulating leptin concentrations in a group of patients with DM2, and at assessing in detail whether leptin concentrations correlate with selected biochemical, clinical parameters and markers of systemic inflammation in patients with DM2 and in healthy volunteers. In our work, we analysed samples and data drawn from 71 patients aged 61.4 ± 11.7 years, who have been diagnosed with type 2 diabetes, as well as from a healthy control group (HC) consisting of 51 healthy subjects with a mean age of 57.8 ± 13.7 years. Therein, the concentration of leptin in the DM2 patients was significantly higher than in the HC (p < 0.01), with median value of 16.59 (IQR 8.58-33.39) ng/ml in the DM2, vs median value of 6.66 (IQR 4.52-21.40) ng/ml in the HC. In the analysis of variance, higher leptin concentrations were revealed in the DM2 group as compared to the HC, and this figure remained significant after adjusting for gender and age (p < 0.001). Moreover, it was independent of HOMA-IR (p = 0.003). However, the differences in leptin levels between the groups disappeared when additional adjustments for anthropometric parameters (BMI, waist circumference) were applied (p = 0.088). Beyond the aforementioned, significant positive correlations were found in the DM 2 group between leptin level and CRP (r=0.256; p < 0.05) and IL-6 (r = 0.345; p < 0.01). Among the selected variables, only gender and BMI were included in the predictive model explaining the variability of leptin, and, in total, were responsible for 72.6% of the original variation of the studied adipocytokine. The results of this study have led to conclusion that leptin may participate in the complex pathogenesis of DM2 and be a predictor of the development of this disease. As higher concentrations of leptin coexist with obesity, and this situation correlates positively with markers of inflammation (CRP, IL-6), leptin level, hence, should be considered in the pathogenesis of DM2.
insights into the roles of adipokines in the development of obesity and its link to metabolic complications such as insulin resistance, DM2, dyslipidemia, hypertension, and atherosclerotic cardiovascular disease [2, 3, 13, 17] .
The first discovered adipocytokine is leptin. The name of "leptin" comes from the Greek word "leptos", meaning "thin", and it regulates the energy balance and food intake. This leptin function is also called "Adipostat", and originates in the hypothalamus (the central nervous system). It sets a defined pre-set weight for any individual. Leptin decreases orexigenic and increases anorexigenic peptide synthesis in the hypothalamus: thereby decreasing appetite/promoting satiety and increasing energy expenditure. Extensive knowledge about the importance of leptin and its role in the pathogenesis of metabolic disorders is still insufficient, because leptin remains a very important link between the amount of stored body fat and the multiple processes that are undergoing in the human body [7, 22] .
It has been postulated that, in addition to its neuroendocrine role in weight control, leptin also can modify the insulin sensitivity of various tissues, as well as β-cell function in the pancreas. Moreover, it may play a role in blood pressure control, as well as in immune system function, and take part in the inflammation, atherogenesis, and blood clotting processes [8, 22, 23, 30] . However, current knowledge does not allow a full definition of the contribution of leptin to the pathogenesis of DM2, and the results available from the literature are often contradictory and confusing.
With the increasing importance of diabetes and obesity detection, it is useful to reevaluate the role played by leptin in this conditions. Our study aimed at investigating circulating leptin concentrations in a group of patients with DM2, and at assessing in detail whether leptin concentrations correlate with selected biochemical and clinical parameters, as well as markers of systemic inflammation, in patients with DM2 and in healthy volunteers.
MATERIALS I METHODS
In our work, we analysed samples obtained from 71 patients diagnosed with type 2 diabetes, and treated at the Department of Endocrinology, Medical University of Lublin, Poland. The studied group (DM2) was comprised of 38 women (53.5%) and 30 men (46.5%), their mean age being 61.4 ± 11.7 years. What is more, the mean time of diabetes duration from diagnosis was 11.2±8.3 years. According to World Health Organization (WHO) terminology and BMI classification [35] , in our study-patient population, n = 5 patients were classified as having normal body weight (7.0%), n = 18 patients (25.4 %) were overweight and n = 48 patients (67.6 %) were obese. Additionally n = 65 patients (91.6 %) were diagnosed with abdominal obesity based on IDF 2005 diagnostic criteria for this metabolic syndrome [37] . Patients with kidney failure, liver, heart and/or cardiovascular disease, cancer and acute and chronic inflammatory and autoimmune diseases were excluded for the study. The healthy control group (HC) consisted of 51 healthy subjects (30 women and 21 men) with a mean age of 57.8±13.7 years, who were undergoing routine occupational health checks at the Department of Laboratory Diagnostics Teaching Hospital No 1, in Lublin, Poland.
All patients underwent clinical assessment, including the collection of medical history via direct interview and physical examination, and involving the collection of anthropometric measurements [height, weight, body mass index (BMI), and waist circumference], as well as measuring blood pressure.
Beyond the aforementioned, peripheral blood samples were collected at a single time point from each subject, in standard conditions (fasting state, collection between 8-10am). In every serum sample, basic laboratory measurements were performed [glucose, insulin, total cholesterol, HDL-cholesterol, triglycerides, creatinine, C-reactive protein (CRP)], as well as level of HbA1c in the whole blood. All analyses were performed using biochemical analyzer Roche Cobas 6000, and standard laboratory methods.
The levels of LDL-cholesterol were calculated using Friedewald formula [11] and glomerular filtration rate eGFR, using the simplified MDRD equation [15] . Insulin resistance status was evaluated from fasting glucose and insulin values, using the homeostasis model assessment (HOMA-IR) equation [19] .
Leptin and IL-6 were determined via commercial enzyme-linked immunosorbent assays (ELISA); Human Leptin ELISA Clinical Range (BioVendor, Modrice, Czech Republic) and Human IL-6 ELISA Kit (Diaclone, Besançon, France), according to the manufacturer's instructions. The detection limit for Leptin ELISA kit was 0.2 ng/ml, and intra-assay and inter-assay precision (CV) were 4.2-7.6%, and 4.4-6.7%, respectively. For the IL-6 ELISA kit, the detection limit was 2 pg/ml, and the test was sensitive to native, as well as recombinant IL-6. Furthermore, there was no cross-reactivity with other human origin cytokines, such as: IL-1α, IL-1β, IL-10, IL-12, IFN-γ, IL-4, TNF-α, IL-8 and IL-13. The intra-assay and inter-assay precision (CV) were 4.2% and 7.7%, respectively.
The study was ethically approved by Bioethical Committee at Medical University of Lublin (Poland). Informed consent was obtained from all subjects.
The statistical analysis of the results was performed using Statistica 10.0 StatSoft, and a p value that was less than or equal to 0.05 was considered statistically significant. The results were presented as a descriptive statistic -for quantitative variables: mean ± standard deviation or median and interquartile range (IQR); -for qualitative variables: the number (n) and percentage (%) of the reported cases. Distribution of measured variables was assessed using the Shapiro-Wilk's test. In addition, the Mann-Whitney U-test was conducted to compare the differences between groups. To assess which of the selected factors determined the differences in their levels of leptin between the two groups, we employed analysis of covariance ANCOVA. Furthermore, the simple relationship between leptin and selected variables were tested using the nonparametric Spearman rank correlation test. Finally, the complex relationship between leptin and the studied independent variables was analysed using multivariate linear regression.
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RESULTS
The concentration of leptin in DM2 patients was significantly higher than in HC (p < 0.01), with median value of 16.59 (IQR 8.58-33.39) ng/ml in DM2 vs median value of 6.66 (IQR 4.52-21.40) ng/ml in HC. In the analysis of variance, higher leptin concentrations in DM2 group as compared to HC, remained significant after adjusting for gender and age (p < 0.001), and were independent of HOMA-IR (p = 0.003). However, differences in leptin levels between the groups disappeared when additional adjustments for anthropometric parameters (BMI, waist circumference) were applied (p = 0.088).
The results of relationships analysis of leptin level with demographic, anthropometric and clinical parameters in both the DM2 group and controls are shown in Table 1 . To compare leptin concentration in our patients with DM2 and controls, we examined men and women separately. We found significantly higher circulating leptin concentration (p < 0.001) in women than in men with DM2, the median being 28.38 (IQR 20.39-38.72) ng/ml vs median 8.41 (IQR 6.72-12.02) ng/ml for women and men, respectively. In the DM2 group, circulating leptin concentration correlated directly with BMI (r = 0.544; p < 0.001) and waist circumference (r = 0.274; p < 0.05). Additionally, this concentration was inversely correlated with height (r = -0.589; p < 0.001) and disease duration (r = -0.273; p < 0.05).
Similarly, in the HC group, a significantly higher leptin level was detected in women than in men, the median being 13.14 (IQR 11.44-25.36) ng/ml vs median 4.53 (IQR 2.63-6.49) ng/ml, respectively. Leptin concentration also correlated inversely with height (r = -0.530; p < 0.01) and positively with BMI (r = 0.463; p < 0.01) in this group.
The results of association analysis between leptin level and the biochemical parameters and inflammatory cytokines in the studied population are presented in Table 2 .
Significant positive correlations were found in the DM 2 group between leptin level and CRP (r = 0.256; p < 0.05) and IL-6 (r = 0.345; p < 0.01). In the HC group, positive relationships of leptin were detected with insulin concentration (r = 0.464; p < 0.01), HOMA-IR (r = 0.463; p < 0.01) and CRP level (r = 0.449; p < 0.01). Moreover, leptin concentration in the HC group showed an inverse relationship with eGFR (r = -0.346; p < 0.05).
In the next stage of statistical analysis, multivariate linear regression was performed. Thirteen variables were selected and included in the analysis in order to find the independent factors affecting the variability of leptin. Forward stepwise regression was also performed, and the results are shown in Table 3 . Among the selected variables, only gender and BMI were included in the predictive model explaining variability of leptin, and, in total, were responsible for 72.6% of the original variation of the studied adipocytokine. 
DISCUSSION
The discovery of leptin in 1994 and the subsequent appreciation of its role in the regulation of appetite, body weight and energy balance has triggered major scientific interest in the potential contribution of this cytokine to the pathogenesis of DM2. However, the physiological mechanisms behind leptin synthesis, secretion, receptor binding and regulation of appetite, as well as energy expenditure are still not fully understood, yet involve numerous complex mechanismsincluding hormones, neurotransmitters and other regulatory pathways [7, 22] .
In this study, as expected, we found significantly higher leptin level in patients with DM2, in comparison with healthy subjects, even after adjustment for age and sex, and HOMA-IR. However, after adjusting for BMI and waist circumference, the difference in adipocytokine concentration between the two groups disappeared, suggesting the significant influence of obesity on the leptin level. Similar results were obtained by other researchers [14, 16, 28] . Due to the fact that this protein is involved in the modulation of many systems, and its secretion is subject to a complex and not fully-known mechanisms, it can be assumed that the association found in this study has a complex background.
The detailed multivariate linear regression analysis conducted in this study led to the conclusion that female gender and increased BMI were the main predictors of increased concentration of leptin in serum. Our results confirmed recently published findings [16, 21, 27, 28] . The higher leptin concentration in women could be explained by greater subcutaneous fat content, as well as the influence of estrogens (which can stimulate leptin synthesis) [12] . Similarly to other studies on the role of leptin in metabolic disorders [16, 27, 28, 29] , we showed the existence of a significant positive correlation between leptin levels and BMI and waist circumference in DM2 patients. The obtained results, and the fact that adipocytes are known to be the main sources of leptin synthesis, justify the assumption that leptin secretion increases when adipose tissue volume rises. Moreover, a number of experiments conducted to date have shown that body weight reduction may contribute to a significant reduction in systemic leptin levels [1, 18] , which, furthermore, suggests that changes in leptin concentration are rather the consequence of obesity and excess of adipose tissue than its cause. However, this is not in accordance with the known function of leptin as a hormone sensitive to excessive energy stores, which, in turn, activates the body metabolism so as to reduce body weight.
Several theories have been proposed to elucidate why in spite of elevated concentrations of leptin with anorexigenic properties, excess weight gain can be observed. The most known is the phenomenon of leptin resistance -where receptors have reduced reactivity to the leptin [25, 36] . In our work, we showed higher leptin levels in patients with obesity associated DM2, and this situation remained in positive association with the amount of body fat. This result allows us to suggest the occurrence of the increased leptin resistance in our patients. It also confirms the notion that the leptin resistance observed in DM2 patients seems to be a phenomenon not only acting centrally (as in obesity), but also acting peripherally -indirectly contributing to the development of metabolic disturbances [6, 25, 36] .
Many authors have documented the role of elevated concentrations of leptin in the pathogenesis of insulin resistance and DM2 [9, 26, 27] : their results have shown the negative relationship of leptin with insulin, and HOMA-IR independently of age, gender and BMI in DM2 patients and in obesity. Indeed, Esteghamati et al. [10] concluded that the relationship of hyperleptynemia with DM2 is determined by insulin resistance and is independent of anthropometric parameters (BMI, waist circumference). Further analogous data were published by Wannamethee et al. [31] and Welsh et al. [33] . However, the results of our study show the opposite. According to Correia et al. [6] , the impaired insulin sensitizing action of leptin, especially in relation to its role in the reduction of triglyceride accumulation in the skeletal muscle and pancreatic β cells, may contribute to the development of insulin resistance and DM2. Hence, it is postulated, that the leptin resistance observed in obesity may become an additional component of the metabolic syndrome, and through the abolished insulin sensitizing action of leptin, be indirectly involved in its etiology. In our study, the positive correlation of leptin with the level of insulin and HOMA-IR was detected in the HC group, which also is in line with results reported by Lee et al. [14] and Silha et al. [26] . Similar results with HOMA-IR have been published by Zuo et al. [38] in a group of 1234 adults with normal glucose tolerance and BMI 23.5 kg/m2. This further confirms that leptin can be a predictor of adverse metabolic changes and insulin resistance.
The results of research published to date strongly suggest that leptin plays a physiological role in the modulation of the inflammatory process, hence, highlighting its pro-inflammatory properties. Our results confirm that leptin is involved in inflammation, and this is in agreement with studies published by others [5, 14, 28, 32] . In our work, we saw that the concentration of leptin increased with the burden of subclinical inflammation in patients with DM2, as evidenced by positive correlations of leptin with CRP and IL-6. The basis for this correlation is the immediate impact of the immune system on leptin production and secretion, and the fact that leptin induces pro-inflammatory cytokine synthesis (IL-6, IL-12, TNF-alpha) by monocytes and macrophages [22, 23] . It, as well, increases the expression of CRP in human hepatocytes [5] . According to Chen et al. [5] , the interaction between CRP and leptin may result in leptin resistance coming about by way of the direct inhibitory effect of CRP in binding leptin with its membrane receptors.
In our study, we also found a negative correlation of leptin level with eGFR in a HC group, which suggests that leptin is eliminated via kidneys. Thus, a decline in glomerular filtration rate may lead to impaired renal clearance of leptin and increase its concentration in plasma. This hypothesis was confirmed in the study by Saginova et al. [24] , wherein obese patients in an early stage of chronic renal failure had significantly higher leptin levels, and a positive correlation of leptin existed with albuminuria, BMI, insulin, insulin resistance surrogate markers and CRP. This situation further indicates that the hyperleptynemia is not only related to the metabolic disorders, but also to impaired renal function. These observations were also evidenced by Wolf et al. [34] , who demonstrated that leptin may have a direct impact on the pathophysiology of the kidneys. The experiments performed in this study showed that this adipocytokine stimulated the proliferation of glomerular mesangial cells, as well as increased the synthesis of transforming growth factor β1 (TGF-β1) and collagen production, resulting in progressive glomerulosclerosis and the presence of proteinuria. Moreover, currently available literature indicate that reasons for elevated levels of leptin in patients with chronic renal failure are not only the decrease in GFR, but also the coexisting inflammation and hyperinsulinemia [20] . Therefore, it is possible that hyperleptinemia may be involved in chronic inflammatory reactions leading to kidney damage.
Numerous studies to date have also revealed that elevated leptin levels may be an indicator of the risk of developing type 2 diabetes [4] . Our observations seemed to confirm these findings, as initial analysis of covariance showed that elevated levels of leptin are associated with DM2, regardless of age and sex, and HOMA-IR. However, after adjusting for Current Issues in Pharmacy and Medical Sciences additional anthropometric parameters, the above relationship disappears, which is consistent with reports by Ley et al. [16] and Sun et al. [28] . In contrast to our results, other studies previously cited here, by Esteghamati et al. [10] and Wannamethee et al. [31] , demonstrated that leptin can predict the development of DM2 independently of BMI and waist circumference. It should also be noted that other controversial studies by Söderberg et al. [27] and Welsh et al. [33] , which reported that leptin, a molecule being able directly influence β-cell activity, is an independent predictive factor of DM2 only in men. Recently published metaanalysis by Chen et al. [4] in 2014 also confirms the genderspecific differences in the relationship between circulating leptin levels and risk of DM2 in men (OR 1.37; 95% CI 1.13-1.66; p < 0.05).
CONCLUSION
The results of this study have led to conclusion that leptin may participate in the complex pathogenesis of DM2 and be a predictor of the development of this disease. Since higher concentrations of leptin coexist with obesity, and correlate positively with markers of inflammation (CRP, IL-6), leptin levels should be considered in the pathogenesis of DM2. However, further studies, both lab-based and clinical are necessary to correctly understand the complex mechanisms linking leptin with a number of metabolic disturbances, in order to allow a clear definition of its role in the development of DM2.
